The non-structural protein 4A of dengue virus is an integral membrane protein inducing membrane alterations in a 2K-regulated manner.
Dengue virus (DV) is a positive sense RNA virus replicating in the cytoplasm in membranous compartments that are induced by viral infection. The non-structural protein (NS) 4A is one of the least characterized DV proteins. It is highly hydrophobic with its C-terminal region (designated 2K fragment) serving as a signal sequence for the translocation of the adjacent NS4B into the endoplasmic reticulum (ER) lumen. In this report, we demonstrate that NS4A associates with membranes via 4 internal hydrophobic regions, which are all able to mediate membrane targeting of a cytosolic reporter protein. We also developed a model for the membrane topology of NS4A in which the N-terminal third of NS4A localizes to the cytoplasm, while the remaining part contains three transmembrane segments, with the C-terminal end localized in the ER lumen. Subcellular localization experiments in DV-infected cells revealed that NS4A resides primarily in ER-derived cytoplasmic dot-like structures that also contain dsRNA and other DV proteins, suggesting that NS4A is a component of the membrane-bound viral replication complex (RC). Interestingly, the individual expression of DV NS4A lacking the 2K fragment resulted in the induction of cytoplasmic membrane alterations resembling virus-induced structures, whereas expression of full-length NS4A does not induce comparable membrane alterations. Thus, proteolytic removal of the 2K peptide appears to be important for induction of membrane alterations that may harbor the viral RC. These results shed new light on the role of NS4A in the DV replication cycle and provide a model of how this protein induces membrane rearrangements and how this property may be regulated.